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ABSTRACT In the scope of expanding seeding operations of juvenile scallops (Placopecten magellanicus) around Îles-de-la-
Madeleine (Quebec, Canada), this study assesses the influence of substrate on growth, survival, dispersal and predation rates in
controlled experiments. Three substrates were tested: gravel, sand and sand with empty scallop shells (to investigate the feasibility of
modifying the substrate as a management strategy). Dispersal rates were studied with a substrate choice experiment. Predation
experiments with two major scallop predators, the rock crab Cancer irroratus and the sea star Asterias vulgaris, were carried out on
different substrate types. No significant difference in growth was observed among substrates and no mortality was observed during the
experiment. This suggests other factors, such as hydrodynamics, may be more important than substrate. The dispersal rate was
significantly greater on sandy substrate, whereas gravel and sand–shells had similar results. Crab predation was lower on the more
heterogeneous substrate (i.e., gravel) whereas, sea star predation was lower on sand. Modifying the natural sand substrate by adding
scallop shells could improve seeding success because it diminishes dispersal and predation by crabs.
KEY WORDS: scallop, Placopecten magellanicus, seeding, mortality, growth, dispersal, substrate, predation, Cancer irroratus,
Asterias vulgaris
INTRODUCTION
To restore the overexploited population of sea scallop Pla-
copecten magellanicus (Gmelin 1791) around Îles-de-la-Made-
leine (Quebec, Canada), an experimental restocking program was
launched in 1993. After the pilot phase, commercial seedings
started in 2000 with the intent to seed 35–50 million young scal-
lops annually. However, because of the expected expansion of the
program, the availability of substrate suitable for growth, survival
and retention of seeded individuals is likely to become an issue.
Around the islands, 70% of the substrate in the scallop habitat
depth range (9–55 m) is sandy.
Substrate characteristics influence scallop survival and growth.
Whereas adult sea scallops are found on various substrates, gravel
and pebbles are the most suitable (Thouzeau et al. 1991a, Stokes-
bury 2002, Kostylev et al. 2003). Fine particles such as silt de-
crease survival rate (Yamamoto 1957), and sandy substrate may
increase juvenile mortality (Stokesbury & Himmelman 1996, Cli-
che et al. 1994). In natural conditions, fine inorganic material that
is easily resuspended in the water column by currents or wave
action is known to have a negative impact on growth in some
scallop species (Gruffyd 1974, Bricelj & Malouf 1984). Emerson
et al. (1994) demonstrated that high concentrations of seston in-
hibit sea scallop growth. Nevertheless, substrate heterogeneity has
a positive effect on scallop growth. Turbulence created by a het-
erogeneous bottom may cause local seston accumulations by slow-
ing down the current (Pilditch et al. 1998). A decreasing current
speed may improve scallop filtering efficiency, because scallop
growth is inhibited in strong current conditions (Bricelj & Shum-
way 1991, Wildish & Saulnier 1993).
Substrate type is also an important factor for scallop dispersal,
as demonstrated by several authors (Winter & Hamilton 1985,
Barbeau et al. 1996, Stokesbury & Himmelman 1996, Arsenault
et al. 2000). Young individuals are active swimmers (Manuel &
Dadswell 1991), but they also must attach themselves to the bot-
tom with a byssus (Hatcher et al. 1996), which reduces dispersal
and limits the displacement out of a suitable substrate (Caddy
1972). Therefore, hard substrates possess characteristics that limit
juvenile scallop displacement (Caddy 1972, Thouzeau et al. 1991b,
Parson et al. 1992, Hatcher et al. 1996). It has been observed that
dispersal rates and swimming activities of Chlamys islandica and
P. magellanicus are higher on sand (Stokesbury & Himmelman
1996, Arsenault et al. 2000).
The major cause of scallop mortality on the bottom is known to
be predation by rock crabs (Cancer irroratus, Say) and sea stars
(Asterias vulgaris, Verrill) (Barbeau et al. 1994, Hatcher et al.
1996, Nadeau & Cliche 1998). Seeded scallops may have a better
chance of survival on heterogeneous substrates: they are less ex-
posed to predators because they can hide in crevasses. Wright
(2002) showed that scallops preferentially settled on heteroge-
neous substrates like pebbles when they were alone or in the pres-
ence of crabs. In addition, increasing particle sediment size tended
to decrease the predation rate of sea stars on small scallops (11–15
mm) but not crab predation (Wong & Barbeau 2003).
The main goal of this study is to determine juvenile P. magel-
lanicus survival, growth and dispersal on 3 different substrates
(sand, gravel and sand with scallop shells) in laboratory experi-
ments. In addition, the predation rate by rock crab (C. irroratus)
and sea star (A. vulgaris) in relation to the substrate type was
examined.
MATERIAL AND METHODS
Juvenile scallops came from the stock prepared for the 2002
commercial enhancement off Îles-de-la-Madeleine. They were
kept in experimental tanks individually supplied with filtered cir-
culating seawater at ambient salinity and temperature. The water
passed trough a pool filter loaded with sand-blast sand size # 0 and
1, diameter 0.4 mm to 2 mm. The flow rate was adjusted to allow
the water in the tanks to be renewed twice daily. Therefore, current
velocity in tanks was very low. Temperature was monitored daily
from 2002/05–2002/11 and varied between 2.9°C and 23.2°C. To-
tal suspended particulate matter in the water circuit was measured*Corresponding author. E-mail: jean-claude_brethes@uqar.qc.ca
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weekly (2.53 ± 1.54 mg · L−1, mean ± SE, n  100). Light
followed the natural photoperiod, with the intensity dimmed to
simulate bottom luminosity.
Survival and Growth
Scallop growth and survival were studied on 3 substrate types:
gravel (D50 [median particle size of the sample]  8400 m),
sand (D50  336.5 m) and sand with complete scallops shells
(superior and inferior valves; shell height  113 ± 2 mm, mean ±
SE, n  33) covering about 25% of the tank bottom. Experiments
lasted 88 days, from 2002/05/30–2002/08/26 and water tempera-
ture varied between 9.8°C and 23.2°C. Four replicates of each
treatment were distributed randomly in twelve 160-L tanks (0.8 m
length × 0.5 m width × 0.4 m height) (Fig. 1a,b). Each tank
represented one trial. Scallops (25.0 ± 0.1 mm shell height,
mean ± SE, n  177) were tagged a few days before seeding with
Hallprint plastic tags (4 mm × 9 mm) fixed with Bostik cyanoacry-
late adhesive glue. The plastic tags were also used to fix a
monofilament nylon line on each scallop. In each tank, 15 scallops
were tethered with a 12-cm monofilament nylon line tied with a
solid glued knot onto a galvanized clamp hidden 5 cm in the
substrate. This system was designed to avoid scallop settlement
along the tank walls. Live scallops were counted once a week.
Growth rate was calculated as the size increment between the
beginning and the end of the experiment.
Dispersal
Dispersal was assessed with a substrate choice experiment (M.
Fréchette, Maurice Lamontagne Institute, pers. comm.) in three
1,500-L tanks (2.4 m length × 1.2 m width × 0.6 m height) (Fig.
1c,d). The tested substrate was laid in the middle of the tank,
covering a surface of 1.20 m × 0.60 m (0.70 m2) and surrounded
by the reference substrate around the perimeter of the tank (0.70
m2). In a preliminary experiment, conducted at the average tem-
perature and with each substrate type, indicated random scallop
displacements and no location preference was observed (pers.
obs.). Three treatments were used: gravel as tested substrate with
sand as reference, sand as tested substrate with gravel as reference
and sand with 25% of the area covered with entire scallop shells
(shell height  110 ± 3 mm, mean ± SE, n  21) as tested
substrate with gravel as reference. Thirty juvenile scallops (25 mm
shell height, n  1075) were seeded on the central zone from a
basket maintained above the water surface. Each trial, carried out
on the three treatments simultaneously, lasted 54 h; 12 replicates
were done for each treatment. Scallops that stayed on the tested
substrate were counted regularly (T0, T2, T4, T6, T8, T12, T24,
Figure 1. Set-up of tanks: (a) upper and (b) lateral views of the tanks system used for growth experiment, (c) upper and (d) lateral views of the
tanks system used for dispersal and predation experiments.
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T36, T48, T54 h). The experiment took place between May 24,
2002 and July 8, 2002, and water temperature varied from 8.6°C
and 19.5°C. During the last seven replicates of the dispersal ex-
periment, the position of the scallops (on the sand, or under or over
shells) and the status (byssally attached or not) on the sand–shell
substrate was noted.
Predation
An experiment was conducted from September 17, 2002 to
September 26, 2002 (water temperature from 13.3°C to 17.5°C) to
evaluate predation on juvenile scallops by crabs and from October
15, 2002 to November 14, 2002 (water temperature from 2.9°C to
10.2°C) to evaluate predation by sea stars. Scallops used for these
experiments were 28.0 ± 0.1 mm shell height (mean ± SE, n  720
scallops). Three 1500-L tanks (2.4 m length × 1.2 m width ×
0.6 m height) (Fig. 1c,d) with a single substrate (gravel, sand or
sand with scallop shells) were used. Tank size was expected to
avoid limitations in escape responses because of tank’s walls. Two
predator species were considered: the rock crab, Cancer irroratus
(92 ±1 mm carapace width, mean ± SE, n  41) and the sea star,
Asterias vulgaris (74 ± 2 mm radius, mean ± SE, n  87). Both
predators were collected off Îles-de-la-Madeleine by a Digby-type
scallop drag and acclimated to laboratory conditions for 1 month
before the experiment. Predators were kept in perforated baskets (4
per basket) in a tank with filtered circulating seawater and fed
twice a week with two mussels (Mytilus edulis) or two clams (Mya
arenaria) per predator. Only male crabs were used to avoid sex-
related biases. Predators were starved 48 h prior to the beginning
of the experiment. During the crab experiments, two crabs were
introduced into the tank 24 h after juvenile scallops had been
added (n  30 per tank). Survivors were counted every 4 h until
the end of the 12-h trial. For sea stars, four predators were used in
a 96-h trial and their positions were noted at each observation time.
Scallop survivors in each substrate treatment were counted every
24 h. Predator sizes and time periods were based on the results of
preliminary experiments carried on for each predator (Nadeau et
Cliche 1998). Four replicates of each substrate treatment were
done for the crab and sea star experiments. During the trial, it was
difficult to determine whether scallops were hidden or consumed
by predators. Therefore, to avoid possible bias, scallops were re-
moved at the end of each trial to count the number of survivors.
The position and status (alive or dead) of scallops present on the
sand–shell substrate were noted at each observation time.
We based our analysis of scallop reactions on the classification
of their positions at the end of the trial: (1) in contact with a hard
part of the substrate (shells or attached to a neighboring scallop);
(2) in contact with shells only (attached or not; under or over a
shell); (3) attached to hard part of substrate and (4) located under
a shell but not necessarily attached to it (refuge use). Here we use
“in contact” to describe scallops touching a hard substrate, whether
they are attached or not. The first two categories identified the
frequency at which scallops were using a hard surface in the pres-
ence of a predator and if shells were “preferred” or not. The third
category determined the proportion of scallops in contact with a
hard substrate but also byssally attached to it; this category defined
a subset of scallops in the category one. The fourth category was
used to define the proportion of scallop shells used as refuges; this
category defined a subset of the category two. The proportion of
hidden live scallops also served to compare the use of refuges in
the presence of crabs and sea stars.
Statistical Analysis
Statistical tests were done with Systat 10.2 software with a
probability level () of 0.05. No statistical test was necessary for
the analysis of survival data without predation because there were
no mortalities. Growth data were analyzed using a 2-factor nested
ANOVA with substrate (3 levels) as the fixed factor and tank (12
levels) as the random factor nested into the substrate. Normality
was assessed using a 1-way Kolmogorov-Smirnov test and homo-
geneity of variances by a Levene test. The dispersal data were
analyzed using 1-way ANOVAs with substrate (3 levels) as the
fixed factor (1 per hour). The number of scallops present on the
tested substrate (located in the middle of the tanks) at each obser-
vation time was used as the dependant variable. Normality was
assessed using a 1-way Kolmogorov-Smirnov test and homogene-
ity of variances by a Cochran test (Critical C: 0.8709). One-way
ANOVAs were used for crab and sea star predation data at the end
of the experiment, with substrate as a factor (3 levels). This was
done separately for each predator species. Normality was assessed
by a 1-way Kolmogorov-Smirnov test and homogeneity of vari-
ances by a Levene test. A posthoc Tukey test was applied on the
results to test specific differences when ANOVAs showed signifi-
cant effects.
RESULTS
No mortality was observed during the survival and growth
experiments without predators. Growth did not differ signifi-
cantly between substrates (ANOVA: F(2, 168)  1.62, P  0.852).
Growth rate was 1.5 ± 0.1 × 10−1 mm · d−1 (mean ± SE) on
sand–shells, 1.5 ± 0.1 × 10−1 mm · d−1 on gravel and 1.5 ± 0.1 ×
10−1 mm·d−1 on sand (Fig. 2). Tank had a significant effect on
growth (ANOVA: F(9, 168)  10.07, P < 0.001). Growth differ-
ences were noted in relation to tank position in the water circuit
(i.e., growth rate was lower in the middle than at the water inflow
and outflow). This indicates that the system used may have created
a bias as the slowest growth was observed in the middle section.
All tanks were fed individually but the flow rate in tanks of the
middle section was more variable and often difficult to adjust.
However, that bias does not affect the general results.
Substrate had a significant effect on scallop dispersal
(ANOVA: F(2, 33)  3.59–18.78, P < 0.05). Weak dispersal was
observed on gravel substrate (Fig. 3). The dispersal of scallops was
Figure 2. Mean growth (mm ± standard error, n = 4) of juvenile sea
scallops on gravel, sand and sand–shell over 12 wk (88 days).
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slightly higher on the sand–shell substrate than on gravel, but the
difference was not statistically significant (posthoc Tukey test:
P  0.32). Dispersal increased during the first 6 h on those two
substrates and stabilized afterward, with only 10 and 17% of in-
dividuals moving off of the gravel and sand–shell substrates, re-
spectively. Dispersal on sand was significantly higher than on the
other two substrates. This difference was already significant by the
second hour of the experiment and remained so until the end
(F(2, 33)  3.59–18.78, P < 0.05). Within the first 6 h, 27% of the
seeded scallops moved away from sand, increasing to 40% by the
end for the trials. In all treatments, some individuals moved away
from the reference substrate and went back to the tested substrate.
Fourteen scallops returned to gravel, four to sand–shells and only
two to sand.
On sand–shell substrate, 76.8 ± 3.9% (mean ± SE) of juvenile
scallops were found in contact with hard parts of the substrate and
the others were unattached. Of these scallops in contact with hard
part of the substrate, 71.6 ± 9.3% were found in contact with empty
shells (70.0 ± 12.9% located under shells) and the others with a
neighbor scallop. A proportion of 40.1 ± 8.66% of individuals in
contact with hard parts substrate were byssally attached to it.
After 12 h, crab predation was highest on sand (mean ± SE,
n  7: 9.3 ± 2.6 live scallops, i.e., 69% of scallops eaten) and
lowest on gravel (22.8 ± 1.5 live scallops, 24% of scallops eaten)
(Fig. 4). Survival on sand–shell was similar to that on gravel, with
20.8 ± 4.4 live scallops (30% of scallops eaten). However, the
difference between the three treatments was not significant
(ANOVA: F(2, 9)  3.24, P  0.087). On sand–shell substrate,
20% to 40% of the scallops were hidden under shells. Crabs are
fast-moving predators and required a short time for prey handling,
leaving only shell fragments. When crabs were not moving, they
were immobile on gravel (often near a corner of the tank) or buried
in sand. Crabs often moved shells and seemed to have difficulty
discriminating prey from nonprey items. Some scallops were so
well hidden that counting was biased, causing an increase in the
count of live scallops at the very end of the experiment. Thus, the
final number is the most accurate because all scallops were re-
moved and counted.
Contrary to crabs, sea star predation (Fig. 5) after 96 h was
lowest on sand (mean ± SE: 22.8 ± 1.9 live scallops, n  7) and
highest on gravel and sand–shells (17.8 ± 2.3 and 17.0 ± 1.1 live
scallops, respectively); however, the rates were not significantly
different (ANOVA: F(2, 9)  1.63, P  0.248). Gravel and sand–
shell substrates showed a similar pattern: 41% and 43% of scallops
were consumed, respectively, on these substrates after 96 h com-
pared with an average of 24% on sand. The level of predation
increased in the following order: sand < gravel ≈ sand–shells. Sea
stars are slow-moving predators, and the time required for prey
handling is longer than for crabs; handling time per prey could last
24 h. Sea stars spent most of their time on the walls of the tanks.
When they were not on the tank walls, they were found more often
on the gravel substrate (average 1.6 sea stars per trial) and sand–
shells (average 1.3 sea stars per trial) than on sand (average 0.8 sea
star per trial).
The juveniles’ use of scallop shells was different between the
rock crab and sea star experiments. The proportion and number of
live scallops observed under shells increased with time in the
presence of crabs (Fig. 6a), whereas it was relatively stable in the
presence of sea stars (Fig. 6b). On average, 29.4 ± 2.8% (mean ±
SE, n  4) of the live scallops were hidden under shells in ex-
periments with crabs, significantly higher than the average of
10.4 ± 1.5% with sea stars (Mann-Whitney U-test, P < 0.0001).
DISCUSSION
Contrary to previous studies, substrate type in our experiment
did not have any effect on juvenile scallop survival because no
mortality (without predators) occurred. These differences can be
attributed to experimental conditions, such as the low density and
low current conditions in our tanks. Higher densities or faster
Figure 5. Mean number of scallops surviving sea star predation at
each observation time (half standard error, n = 7) on the tested sub-
strates (gravel: plain line, sand–shell: dashed line; sand: dotted line).
Figure 3. Mean hourly abundance (half standard error, n = 12) of
juvenile sea scallops remaining on each tested substrate (gravel: plain
line; sand–shell: dashed line; sand: dotted line).
Figure 4. Mean number of scallops surviving crab predation at each
observation time (half standard error, n = 7) on the tested substrates
(gravel: plain line; sand–shell: dashed line; sand: dotted line).
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water flow can favor resuspension of fine particles and increase
mortality rates, as may be the case in the natural environment.
In our study, substrate type did not have any effect on growth
rate. Scallop growth is known to be directly correlated with or-
ganic matter input (Kleinman et al. 1996, Pilditch & Grant 1999)
and inversely correlated with inorganic matter (Cranford 1995).
On heterogeneous substrates, like gravel or sand with shells, the
topography may induce local accumulations of organic matter
while reducing current velocity (Pilditch et al. 1998). Those accu-
mulations and resulting increase in food availability would en-
hance scallop growth. The optimal current velocity for scallop
filtering activity is 10 cm · s−1 (Wildish & Saulnier 1993), whereas
feeding is totally inhibited in strong currents (Wildish & Saulnier
1993). In our experiment, reduced flow and low organic matter
input may have tempered the direct effect of the substrate on
growth, suggesting that hydrodynamic conditions prevailing on the
bottom may be more important than substrate alone.
As expected, dispersal was significantly different among sub-
strate types, with the highest dispersal rate noted on sand. Adding
scallop shells onto the sand induced a dispersal pattern similar to
the one observed on gravel. Other studies found that dispersal was
related to substrate type. In field experiments, Stokesbury and
Himmelman (1995) observed less scallop dispersal when seeding
occurred on gravely and rocky bottoms than on sandy bottoms.
The preferential use of heterogeneous substrate is related to juve-
nile scallop behavior (Hatcher et al. 1996): the juveniles in our
study needed a suitable substrate for attachment. When scallops
were seeded on sand, they swam until reaching a place to fix
themselves, such as gravel or shells. Scallops on gravel spent less
time swimming and tended to remain on the same site. The addi-
tion of scallop shells to the sand increased the potential attachment
sites, thus reducing scallop dispersal and making this substrate
comparable to gravel. On the sand–shell substrate, 40% of the
scallops were attached together in groups of two or three or at-
tached to shells. Fréchette (IML-MPO, pers. comm.) has observed
some groups of two or three young scallops attached together on
sand. This behavior was also noted on sand in this study, but it was
unusual on the gravel substrate. However, the study by Stokesbury
and Himmelman (1996) indicates that juvenile sea scallops dis-
perse randomly. In this study, the high level of movements from
sand to gravel cannot be attributed to a pure random dispersal.
Present results should be completed with other studies to further
document scallop’s behavior on the various substrate arrangement.
Predation rates were not statistically significant between sub-
strates. Temperature could have been a factor (Barbeau & Scheib-
ling 1994b), but temperature changes in each predator experiment
were not sufficiently high to account for those results. Because the
number of replicates was low (four), individual behavior of preda-
tor could have masked any effect and, thus, a higher number of
replicates (which was not feasible here because of technical con-
straints) could have shown more evident results. Even if not sta-
tistically demonstrated, trends, however are clear enough to be
interpreted. Crab predation decreased with an increase in substrate
heterogeneity, with a lower mortality being observed on gravel. On
the sand–shell substrate in the presence of predators, as much as
40% of the live scallops were located under shells. A larger num-
ber of scallops used refuges on the sand–shell substrate in the crab
experiment and this number increased with time. On sand, only
Figure 6. Percentage of live scallops found under shells (mean ± SE, n = 4) in the presence of (a) rock crabs and (b) sea stars.
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31% of scallops were still alive at the end of the experiment. There
was less predation by crabs on the sand–shell substrate than sand.
Crab predation is known to be mostly affected by the encounter
rate (predator and prey density) because they are fast-moving and
have a low prey handling time (Barbeau et al. 1994, Nadeau &
Cliche 1998). Sponaugle and Lawton (1990) observed a higher
consumption rate of Mercenaria mercenaria on sand than on
sand–shell substrate by the crabs Ovalipes ocellatus (Herbst) and
Callinectes sapidus (Rathbun) caused by a higher foraging time on
the sand–shell substrate. During our experiment, crabs had diffi-
culty discriminating prey items and nonprey items, as was also
observed by Wong and Barbeau (2003). Adding shells to the bot-
tom may increase crab foraging time, and scallop survival may be
greater because of the decreasing encounter rate. Crabs are visual
and chemodetecting predators and can move fast. The scallop es-
cape response in our crab experiment was passive, scallops closed
their valve, as has been observed by Barbeau and Scheibling
(1994a and b). The presence of shells diminishes the encounter rate
with scallops, and one can expect the same effect on crab predation
in natural conditions.
In the presence of sea stars, scallop survival was greater on the
sand substrate, unlike the experiment with crabs. Experiments on
the sand–shell substrate showed survival values intermediate to
survival on gravel and sand. When sea stars were not foraging,
they moved along the walls of the tanks. Their foraging time on the
gravel and sand–shell was twice as high as on sand, perhaps ex-
plaining the high scallop survival on sand. Sea stars are slow
moving predators and can easily detect chemical signals of organic
substances (Zafiriou 1972, Barbeau et al. 1994, Rochette et al.
1994, Gaymer et al. 2002). This explains why shells did not pro-
vide an adequate protection against sea stars, which were able to
detect scallops in refuges. In addition, scallops have an efficient
escape response from slow moving predators like sea stars, and
juveniles have better swimming capacities to escape than adults
(Barbeau et al. 1994). In fact, scallops did not use refuges as
intensively as with crabs. Sea star predation rate is affected by a
decrease, a weakness or a distortion of chemical signals (Rochette
et al. 1994) and by the probability of capture on encounter (Bar-
beau et al. 1994). In natural habitats, shells can induce a distortion
in the chemical signal in strong current condition and decrease
encounter probability. The low current conditions in our experi-
mental tanks may explain why shells seemed to be less effective
against sea stars than against crabs.
In our laboratory experiment, sand appeared to be a suitable
substrate for scallop survival and growth that was similar to gravel
and sand–shell substrate but less suitable for dispersal and against
crab predation. Seeded scallops are more vulnerable to predation
and need short-term protection against predators when they are
released on the bottom. Scallop shells may increase the suitable
area for byssus attachment and may provide some refuge from
predators. The positive effect of adding shells to the bottom has
already been shown. Guay (2003) found that the richness and the
density of most common invertebrates increased on sand by adding
scallop shells. That author also observed that 2 predators, Lepta-
sterias polaris (Müller and Troschel) and Hyas araneus (Linnaeus),
were attracted to sand and gravel enriched by shells, but that that
attraction was more important on gravel. In field experiments,
Pacheco and Stotz (2003) showed that settlement and survival of
Argopecten purpuratus (Lamarck) was improved by adding
crushed and empty shells to the bottom compared with natural
bottoms (sand and mud). Thouzeau et al. (1991a) noted that the
sand–shell (medium sand with quahog, scallop and surf-clam
shells) portion of Georges Bank has a lower density of decapods
and sea stars than coarse sediments like gravel and pebbles. The
effect of substrate on survival, growth and dispersal of juvenile sea
scallops was tested in the present controlled experiments. How-
ever, that effect may be different in the natural environment, where
hydrodynamic processes and many other biotic and abiotic factors
may influence the conditions. Attempts were made to transpose the
experimental results to field experiments around Îles-de-la-
Madeleine (Bourgeois 2004). Because technical biases occurred,
those experiments were unable to provide useful data. Considering
the promising results of this study, further research is required to
better assess the feasibility of substrate modification to improve
scallop seeding success.
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